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Small-Angle Neutron Scattering (SANS) 13 
SANS data have been fitted to form factors describing either spheres, ellipsoids or rods using 14 
the program SASview1, employing an iterative, least-squares fitting process.  Known model 15 
parameters, such as scattering length densities and volume fractions were set to constant values, 16 
and unknown fit parameters, such as micellar radius and background scattering, were allowed 17 
to ‘float’. The equations describing the different form factors are given below. 18 
i. Spheres 19 
The form factor for a sphere is Equation S 1.  20 
𝑃 (𝑄) =  
𝑆𝑐𝑎𝑙𝑒
𝑉
 [
3𝑉(𝛥𝜌)[sin(𝑄𝑟) − 𝑞𝑟 cos(𝑄𝑟)]
(𝑄𝑟)3
]
2
+ 𝑏𝑘𝑔 21 
 2 
 
Equation S 1 22 
Where scale is a factor used to put the intensity on an absolute scale, V is the scattering particle 23 
volume, r is the scattering particle radius and bkg is the background incoherent scattering. In 24 
the case of polydisperse spheres, r is further defined by a Schultz distribution of homogeneous 25 
spheres, Equation S 2.  26 
𝑟 =  
(
𝑍 + 1
Ṝ
)
𝑍+1
𝑅𝑍 [−
𝑍 + 1
Ṝ
 𝑅]
𝛤(𝑍 + 1)
 27 
Equation S 2 28 
Where R is the mean of the radius distribution and the polydispersity being defined by the RMS 29 
deviation, σ = R/(Z+1)1/2 where the width parameter is Z > -1. During the fitting process, the 30 
scattering lengths and the scale have been fixed, and r, bkg and polydispersity have been 31 
allowed to vary. 32 
ii. Ellipsoids 33 
The scattering from ellipsoids can be described below (Equation S 3, Equation S 4, Equation 34 
S 5).  35 
𝑃(𝑄, 𝛼) =  
𝑠𝑐𝑎𝑙𝑒
𝑉
 𝑓2 (𝑄) + 𝑏𝑘𝑔 36 
Equation S 3 37 
𝑓(𝑄) =  
3(𝛥𝜌)𝑉(sin[𝑄𝑟(𝑅𝑎𝑅𝑏𝛼)] − 𝑄𝑟 𝑐𝑜𝑠[𝑄𝑟(𝑅𝑎𝑅𝑏𝛼)]) 
[𝑄𝑟(𝑅𝑎𝑅𝑏𝛼)]
 38 
Equation S 4 39 
𝑟(𝑅𝑎𝑅𝑏𝛼) =  [𝑅𝑏
2 𝑠𝑖𝑛2 𝛼 +  𝑅𝑎
2 𝑐𝑜𝑠2 𝛼]1/2 40 
Equation S 5 41 
Where α is the angle between the axis of the ellipsoid and the Q-vector, V is the ellipsoid 42 
volume, Ra is the polar radius, Rb is the equatorial radius and Δρ, the contrast, is the scattering 43 
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length density difference between the scattering ellipsoid and the solvent1. During the fitting 44 
process, the scattering lengths and the scale have been fixed, whereas Ra, Rb, and bkg have 45 
been allowed to vary.  46 
When Ra> Rb, the ellipsoid is said to be prolate, or rod-like, when Ra =  Rb, the equations tend 47 
to a spherical form factor, and when Ra< Rb, the ellipsoid is said to be disk-like, or oblate. 48 
When the aspect ratio of the ellipsoid, Jmic = Ra/Rb, has the value 0.2 < 5, an ellipsoid form 49 
factor is best employed. When the aspect ratio, has a value of  5 ≤ Jmic, the particle can be better 50 
considered as rod-like, and a rod-like form factor is best employed.  51 
iii. Rods 52 
The form factor for randomly oriented rods is given below (Equation S 6, Equation S 7). 53 
𝑃(𝑄, α) =  
𝑠𝑐𝑎𝑙𝑒
𝑉
𝑓2(𝑄) + 𝑏𝑘𝑔 54 
Equation S 6 55 
𝑓(𝑄) = 2(Δρ)
sin (
1
2𝑄𝐿 cos 𝛾)
1
2𝑄𝐿 cos 𝛾
𝐽1(𝑄𝑟 sin 𝛾)
𝑄𝑟 sin 𝛾
 56 
Equation S 7 57 
𝑉 = 2π 𝑟2𝐿 58 
Equation S 8 59 
Where V is the cylinder volume (Equation S 8), L is the cylinder length, r is the cross-sectional 60 
radius, J1(x) is the first order Bessel function of the first kind, Δρ, the contrast, i.e. scattering 61 
length density difference between the scattering particle and the solvent. Integration is carried 62 
out over angle γ between the Q vector and the axis of the rod. During the fitting process, the 63 
scattering lengths and the scale were fixed, and L, r, and bkg were allowed to vary. 64 
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iv. Contrast Term 65 
The strength of the interaction of the free neutrons with bound nuclei in the sample is quantified 66 
as the scattering length of the atom, bi, an isotope dependent parameter. Scattering length 67 
density, ρsld, is the scattering length per unit volume of substance, Equation S 9; 68 
𝜌𝑠𝑙𝑑 =  𝛴
𝑛𝑖𝑏𝑖
𝑉𝑚
 69 
Equation S 9 70 
where ni is the number of nuclei of a type i, and Vm is the molecular volume. The scattering 71 
length density difference between the deuterated core of the microemulsions and the carbon 72 
dioxide solvent. Scattering length densities of the materials used in this research are given in 73 
Figure S 1. 74 
Component ρsld (1010 cm-2) 
scCO2 (400 bar, 318 K) 2.50 
D2O 6.34 
TCF2 2.33 
DCF2 2.19 
Hybrid CF2:AOT4 1.34 
Hybrid CF2:SIS1 2.13 
C8benz 0.86 
C2benz 1.45 
DIGSS 1.16 
 75 
Figure S 1 - Scattering length densities of compounds used in this research. 76 
  77 
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SANS Data 78 
Scattering data and fits not shown in the main manuscript are presented below. 79 
 80 
Figure S 2 - High-pressure Small-angle Neutron Scattering (HP-SANS) profiles of DCF2 and hybrid CF2:AOT4 surfactants 81 
in w/c microemulsions in the absence of hydrotrope. Model fits are to a Schultz distribution of polydisperse spheres, Radii = 82 
15Å and 18Å respectively. Surfactant concentration = 0.05 mol dm-3, w = 10, T = 40oC, P = 380 bar. Reprinted from with 83 
permission from reference 2. 84 
 85 
Figure S 3 - SANS profiles for various w ratios with DCF2 in pure CO2. [Surfactant] = 0.05 mol dm-3, pressure = 380 bar 86 
and T = 25°C. Ptrans @ w10 = 198 bar.  Lines through data points are model fits to a Schultz distribution of polydisperse 87 
spheres. Fitted parameters are listed in Figure S 4. Reprinted with permission from 2 88 
  89 
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 90 
w ratio 
radius ± 2Å 
model fit Guinier radius 
10 17 15 
15 19 18 
20 28 25 
25 32 30 
30 37 33 
Figure S 4 Model fits from Figure S 3, reprinted with permission from2 91 
 92 
Figure S 5 - HP-SANS profile for DCF2 / water / scCO2 microemulsions with C2benz (open spheres, red) and C8benz (open 93 
triangles, blue) hydrotrope, [surf] = 0.05 mol dm-3, X = 0.10, w = 5. Samples with no hydrotrope shown in open squares, 94 
black. Fits are to polydisperse sphere and ellipsoid form factor models and are displayed in the main manuscript. 95 
 96 
Figure S 6 - HP-SANS profile for CO2-philic surfactant / water / scCO2 microemulsions with C2benz hydrotrope, [surf] = 97 
0.05 mol dm-3, X = 0.10, w = 10, pressure = 350 bar, T = 45oC. Surfactant TCF2 (open squares, green), surfactant DCF2 98 
(open triangles, blue) and hybrid surfactant CF2:AOT4 (open circles, red). . Fits are to polydisperse sphere and ellipsoid form 99 
factor models and are displayed in the main manuscript. 100 
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 101 
Figure S 7- HP-SANS profile for hybrid CF2:AOT4 / water / scCO2 microemulsions at 350 bar with c2benz hydrotrope. [surf] 102 
= 0.05 mol dm-3, X = 0.10, w = 5 (open circles, green), w = 10 (open triangles, orange), w = 15 (open squares, blue). Fits are 103 
to spheres and ellipsoids and are displayed in the main manuscript. 104 
 105 
Figure S 8 - HP-SANS profile for TCF2 / water / scCO2 microemulsions at 350 bar with c2benz hydrotrope. [surf] = 0.05 mol 106 
dm-3, X = 0.10, w = 10 (open spheres, orange), w = 15 (open triangles, blue).  Fits are to polydisperse sphere and ellipsoid 107 
form factor models and are displayed in the main manuscript. 108 
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 110 
 111 
Figure S 9 –HP-SANS profile for DCF2 / water / scCO2 microemulsions at 350 bar with c8benz hydrotrope. [surf] = 0.05 mol 112 
dm-3, X = 0.10, w = 5 (open circles, green) and w = 10 (open triangles, orange). . Fits are to polydisperse sphere and ellipsoid 113 
form factor models and are displayed in the main manuscript. 114 
 115 
Figure S 10 - HP-SANS profile for hybrid CF2:AOT4 / water / scCO2 microemulsions at 120 bar with diIGSS co-surfactant, 116 
[surf] = 0.05 mol dm-3, [co-surfactant] = 0.05 mol dm-3. w = 5 (open circles, dark green), w = 10 (open down triangles, 117 
orange), w = 15 (open squares, blue), w = 20 (open diamonds, pink) and w = 30 (open up triangles, bright green). Fits are to 118 
ellipsoid form factor models and are displayed in Figure S 12. Profiles for w10, w15, w20 and w30 have been offset using a 119 
scale factor (w10 = x2, w15 = x4, w20 = x8, w30 = x16) for clarity. 120 
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 121 
Figure S 11 - HP-SANS profile for hybrid CF2:SIS1 / water / scCO2 microemulsions at 120 bar with diIGSS co-surfactant, 122 
[surf] = 0.05 mol dm-3, [co-surfactant] = 0.05 mol dm-3, w = 5 (open circles, green), w = 10 (open triangles, orange), w = 15 123 
(open squares) and w = 20 (open diamonds). Fits are to ellipsoids and are displayed in Figure S 12. Profiles for w10, w15 124 
and w20 have been offset using a scale factor (w10 = x2, w15 = x4, w20 = x8) for clarity. 125 
  126 
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 127 
surf w R Guinier sphere model Ra Rb Aspect Ratio, Jmic 
CF2:AOT4 
5 26.29 
Ellipsoid 
25.89 4.72 5.49 
10 24.71 25.24 5.24 4.82 
15 23.34 25.50 5.18 4.92 
20 23.21 25.78 4.62 5.58 
30 23.68 25.40 5.00 5.08 
CF2:SIS1 
5 24.85 
Ellipsoid 
26.76 5.34 5.01 
10 28.32 25.79 5.14 5.02 
15 24.57 25.11 5.63 4.46 
20 25.52 24.80 5.38 4.61 
Figure S 12 - Parameters obtained from fitting SANS data for w/c microemulsions of hybrid surfactants with DIGSS co-128 
surfactant, P = 120 bar, T = 45oC. 129 
surf Additive w model R / Å L / Å Aspect Ratio, Jmic 
DCF2 
 
C8benz 
5 
Rods 
7.91 60.06 3.80 
10 8.40 67.15 4.00 
C2benz 
10 
Rods 
11.87 97.80 4.12 
15 14.72 158.25 5.38 
Hybrid 
CF2:AOT4 
15 Rods 11.32 48.00 2.12 
Figure S 13 – Parameters obtained from fitting SANS data for w/c microemulsions of CO2 —philic surfactants with 130 
hydrotropes, [surf] = 0.05 mol dm-3, hydrotrope mole fraction, X = 0.1, P = 350 bar, T = 45oC. Parameters are fit to the form 131 
factor for rod-like aggregates. 132 
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 133 
Figure S 14 - HP-SANS profile for CF2:AOT4 / water / scCO2 microemulsions at 360 bar with dIGSS co-surfactant, [surf] = 134 
0.05 mol dm-3, [co-surfactant] = 0.05 mol dm-3, w = 5 (open circles), w = 10 (open down triangles), w = 15 (open squares), 135 
w = 20 (open diamonds) and w = 30 (open up triangles). Inset - mid-Q peak positions for CF2:AOT4 / water / scCO2 136 
microemulsion at 360 bar with dIGSS co-surfactant, [surf] = 0.05 mol dm-3, [co-surfactant] = 0.05 mol dm-3. Profiles for w10, 137 
w15, w20 and w30 have been offset using a scale factor (w10 = x2, w15 = x4, w20 = x8, w30 = x16) for clarity. 138 
  139 
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Estimation of water-in-CO2 microemulsion viscosities 140 
Relative viscosity can be estimated using Equation S 10 3–5 and Equation S 11 6.  141 
[𝜂] ≅ 2.5 + 0.4075(𝐽𝑚𝑖𝑐 − 1)
1.508 142 
Equation S 10 143 
𝜂𝑚𝑖𝑐
𝜂𝐶𝑂2
 ≅  𝜂𝑟𝑒𝑙  ≅ 1 + [𝜂]𝜑𝑝 +  𝐾𝐻[𝜂]
2𝜑𝑝
2 144 
Equation S 11 145 
KH is the Huggins coefficient for rods and is in this case ~0.4. For further details please see 146 
reference 7. 147 
 148 
Figure S 15 - Micellar fluorination levels and micellar aspect ratio vs. predicted relative viscosity of all Na+ CO2-philic 149 
surfactants reported to generate elongated micelles in scCO2. Systems introduced in this manuscript are shown as orange 150 
filled squares, those in previous research shown as blue circles5,8–10.Micellar volume fraction =  0.012 < φ <0.063. 151 
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 152 
Figure S 16- Micellar fluorination level and aspect ratio vs. relative viscosity of all reported surfactants producing elongated 153 
micelles in w/c microemulsions4,5,8–11. Systems introduced in this paper are shown as orange filled squares. Micellar volume 154 
fraction =  0.012 < φ <0.063. 155 
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